To produce a blood-free field for middle ear surgery performed with the operating microscope, the arterial systolic pressure was reduced to less than 50 mm Hg in 700 patients by means of thiopentone-halothane-nitrous oxide in oxygen anaesthesia together with pentolinium tartrate. In 84% the results were excellent, in 12% moderately good and they were poor in 4%. There were more unsatisfactory results in males (22.8%) than in females (11.4%). In spite of the arterial pressure being reduced to very low values in many instances, there was no mortality or morbidity which could be ascribed to the technique.
It has become generally recognized in recent years that haemostasis for middle ear surgery presents special problems for the anaesthetist because the 40 x magnification of the operating microscope makes even minimal bleeding appear major. Many anaesthetic techniques have been devised to deal with this problem. It is accepted that any technique employed must be as safe as possible, since the conditions being treated are seldom life-threatening.
Current methods include:
(1) Halothane anaesthesia with a head-up tilt (2) Lytic cocktails combined with halothane anaesthesia (3) Neuroleptanalgesia with or without general anaesthesia (4) General anaesthesia and controlled ventilation, with or without ganglion-blocking agents, or betablocking agents (5) Halothane anaesthesia with ganglion-blocking agents
The present paper records our experience in 700 patients using the last of these methods: halothanenitrous oxide in oxygen anaesthesia with spontaneous ventilation together with pentolinium, with the aim of reducing systolic pressure to less than 50 mm Hg.
METHODS

Selection of patients
Only those patients who were physically fit were submitted to this hypotensive technique, in order to minimize the risk of any complication which may result. ALLAN Age. It is well known that younger patients are more resistant to hypotensive drugs, especially the ganglion-blocking agents (Enderby, 1954) , and for this reason patients younger than 20 yr were excluded from the study; 66 yr was chosen as the upper limit.
Physical condition. Patients with a significant history of previous cardiovascular disease were excluded. Those suffering from dyspnoea were excluded also and especially patients with clinically obvious emphysema. Patients with diabetes, anaemia, polycythaemia or a history of thyroid or renal disease were excluded also. If varicose veins were present, this was noted at the visit before operation and a pillow was placed under the legs during the surgical procedure, as a precaution.
Drugs. Patients who were undergoing prolonged steroid therapy were excluded. Every woman of child-bearing age received a letter, which was enclosed with her notice of admission, asking her to discontinue any contraceptive pills.
Operations performed
The 700 operations performed in this series were: One hundred and three patients underwent hypotensive anaesthesia on more than one occasion, 88 receiving it twice, 12 on three and three on four occasions.
Anaesthetic
Premedication consisted of papaveretum 20 mg and hyoscine 0.4 mg, which was administered i.m. to every patient 1 h before operation. Atropine was avoided because the associated tachycardia causes a resistance to profound hypotension (Kerr, 1969) .
Anaesthesia was induced with thiopentone, followed by suxamethonium to facilitate endotracheal intubation with a curled tube. Anaesthesia was maintained with halothane in 66% nitrous oxide in oxygen with spontaneous respiration. The proportion of oxygen in the anaesthetic mixture was increased as the arterial pressure decreased, so that during profound hypotension 50% nitrous oxide in oxygen was given with occasional periods of 100% oxygen. The concentration of halothane was maintained in the range 1.5-2%. A Ruben expiratory valve was included in the circuit.
Before the operation commenced the table was tilted 10° head-up and remained in that position throughout the operation. Pentolinium was administered either at this stage or, if the operation was expected to be prolonged, the injection was delayed so that the total hypotensive period did not exceed 2h.
By trial and error, the following dose scale of pentolinium evolved and has been found to give consistent and adequate hypotension: 20-40 yr 25 mg 41-50 yr 15 mg 51-60 yr 10 mg Over 60 yr 5 mg
Monitoring
Arterial systolic pressure was recorded at 5-min intervals, using an upper arm cuff (inflated automatically) with a photoelectric cell pulse detector attached to the thumb (Air Shields PTB3). The heart rate was recorded continuously and monitored by an audible signal.
Classification of bleeding
The amount of bleeding in the 64 males and 48 females, who had an unsatisfactory result, was classified as follows: Only bleeding classified as moderate or severe seriously impeded surgery.
Postoperative care
Since all middle ear operation sites are packed tightly at the end of the procedure there is no question of bleeding after operation and the arterial pressure can be restored to normal before the patient leaves the theatre. A normal pressure was achieved in every case using methylamphetamine, usually 10 mg i.v. and 10 mg i.m., but occasionally 15 mg i.v. if the hypotension had been very profound or prolonged unduly. On rare occasions, when the arterial pressure did not return to normal or decreased subsequently, an i.v. injection of methoxamine 20 mg was given.
When the arterial systolic pressure was greater than 100 mm Hg and the protective reflexes had returned, patients were returned to the ward. After operation, instructions to the nursing staff, apart from the routine observations, were as follows:
(1) Nurse flat (one pillow) for 6 h. 
RESULTS
Arterial pressure
The lowest resting arterial pressure before anaesthesia in any patient submitted to profound hypotension was 100/65 mm Hg and the highest was 170/110 mm Hg. Patients with hypertension in excess of this were excluded from the technique, as it was felt that cardiovascular disease may have been present, even if undetected. The greater the resting arterial pressure, the easier it was to produce profound hypotension, but the converse with a low resting pressure was not the case.
Eleven patients in this study had been taking antidepressive drugs recently and all showed resistance to the hypotensive technique.
After the initial injection of pentolinium, the arterial pressure decreased quickly, reaching 60-70 mm Hg in a few minutes. Ideally, it continued to decrease for 10-15 min and then remained stable for the duration of the operation. In cases with unsatisfactory haemostasis, however, either it failed to reach a profound level of hypotension or, having done so, it increased within a few minutes to approximately 70 mm Hg systolic. Most of these events were accompanied by tachycardia and bleeding. Additional injections of pentolinium failed to reduce the pressure and even large doses of procainamide had little or no effect. On the other hand, bradycardia was always accompanied by a good hypotensive effect and even heart rates of 40 beat/min were often recorded. In spite of this, the peripheral perfusion appeared to remain adequate at all times. Table I shows the number and distribution of cases in whom adequate haemostasis was achieved. It is apparent that males were more resistant than females. Although, in a few patients, satisfactory haemostasis was obtained with a systolic pressure greater than 60 mm Hg, it was found that 30-45 mm Hg was the best range for good results. The figures in parentheses show the total number in each group.
In females there appeared to be a progressive increase in sensitivity to the hypotensive drug as age increased (table II) , but in males the highest incidence of failure was in the young middle age group and not in the youngest age group. Why bleeding occurred in patients with a systolic pressure in the range 30-40 mm Hg is not apparent.
Complications after surgery
Some difficulty was encountered in restoring arterial pressure to normal in patients in whom the hypotension was either very profound or very prolonged. Patients in whom systolic arterial pressure decreased to 20 mm Hg or less, or patients who remained hypotensive for more than 2 h, generally required further methoxamine 20 mg i.v. to return them to normotensive values. Early in the series, one male patient aged 46 yr was maintained at a systolic pressure of 40 mm Hg for 4.5 h and there was a further 12 h before his arterial pressure returned to normal. Neither he nor any of the other patients seemed to suffer harm to either mental or physical performance as a result of a delay in recovery. Subsequent cases, however, were limited to 2 h hypotension. Sudden decreases of arterial pressure during the recovery period were caused by either sitting up too quickly, vomiting, or the administration of sedation. In nearly every patient recovery to consciousness did not seem to be unduly delayed as a result of the hypotensive technique.
No death, or obvious morbidity, occurred as a result of the technique in any patient in this series.
DISCUSSION
The arguments for and against induced hypotension can be examined from three aspects. The operating conditions required for the planned procedure; the ease of satisfying these; and the safety to the patient.
Requirements for operation
The degree of acceptable bleeding varies from one surgeon to another, but the surgeon involved in this series has always demanded a high degree of haemostasis (Ironside, 1976) . In middle ear surgery "bleeding" or blood loss may be measured in fractions of a millilitre. Deacock (1971) measured the amount of loss in stapedectomy with an average of about 1 ml, although, in his series, haemostasis was not entirely satisfactory. It is felt that this state of profound hypotension becomes a necessity rather than the luxury hinted at by Enderby (1975) in his observations on the practice of deliberate hypotension.
It is easier to produce good haemostasis in a noninfected ear.
Reasons for methods used
Of all the techniques which are currently in use, from the "protected sleep" of Delarouelle (1971) with its very heavy medication and long recovery time, to the combined methods with associated ventilation, we are of the opinion that none gives the same degree of haemostasis together with ease of administration as the method described here.
Moderately deep anaesthesia is necessary to prevent coughing or straining with consequent bleeding as a result of an increase in venous pressure. The halothane-nitrous oxide in oxygen mixture was found to be satisfactory and an average concentration of 2% halothane gave an adequate depth of anaesthesia. In 12 patients the blood halothane concentration was measured and an average value of 9.98 mg% (SEM 2.03 mg) was obtained. Halothane has the added advantage of dilating the cerebral vasculature in proportion to its dosage (McDowall, 1967) so that the cerebral blood flow is well maintained at low values of arterial pressure (Fitch et al., 1975) . It is believed by Eckenhoff (1974) that the head-up position will partly off-set any increase in cerebral blood volume. Halothane causes minimal changes in the serum lactate concentration and lactate/pyruvate ratio according to Cohen and others (1964) , less than most other inhalation anaesthetic agents even with added hypotension (Nilsson and Siesjo, 1971) .
In spite of the inclusion of a Ruben valve in the anaesthetic circuit, D. G. McDowall (personal communication) showed very high Pa COi values in some of the patients in this series. According to Wollman and others (1965) , this might offer a measure of protection to the CBF, although the observations of Okuda and others (1976) indicate that at low arterial pressures cerebrovascular responsiveness to Pco 2 change is lost.
Pentolinium tartrate was chosen to produce hypotension because: (a) it was easy to administer by a single-dose i.v.
injection which outlasted the length of any operation (b) there appeared to be no undesirable side-effects (c) it was fairly consistent in its action, although some patients showed resistance to it (as indeed happens with all the ganglion-blocking agents) (d) it was easy to reverse its action
Monitoring
At very low arterial pressures it is difficult to obtain accurate readings other than by electronic means or by direct measurement. Since it is not our practice to employ the latter routinely in cases of this nature, the Air Shields PTB3 monitor was used regularly. The accuracy of this apparatus was tested in 20 patients in whom direct measurement was performed in addition, and it was found that there was never more than 10% discrepancy between the two.
Arterial pressure values
The arterial systolic pressure range which gave the most satisfactory haemostasis was 30-45 mm Hg. In a few patients operating conditions were satisfactory above this value, and in a few bleeding occurred in spite of pressures in the low range. The reason for this is not immediately apparent.
Resistance in females seems to be entirely dependent on age, the younger the patient the more resistance, but with males the greatest resistance was in young middle age.
At first, this was thought to be associated with cigarette smoking, but further enquiries showed that this was not so. Perhaps it is coincidence that this is the age group in males in which alcohol consumption habits are well established (Morrison, 1964) .
Use of beta-blockers
Resistance to profound hypotension was usually associated with tachycardia which was not altered by procainamide. The use of propranolol or practolol was considered, but in spite of the work of Hewitt, Lord and Thornton (1967) , it was felt that the use of either of these drugs at very low pressures was to risk the possibility of irreversible cardiac failure-a view also expressed by Wylie and Churchill-Davidson (1972) . It has been suggested that fractional doses of practolol could be tried with comparative safety, but so far this has not been attempted.
Absence of complications
During this series no patient appeared to suffer from cerebral hypoxia as a result of being subjected to this technique, even on repeated occasions in some cases. All patients have been examined as outpatients after operation, sometimes at intervals over many years, and in no case has any resulting mental disturbance been detected.
There were no renal complications after operation. Urinary secretion was not measured at the time of hypotension. Renal blood flow decreases during anaesthesia, but Miles and others (1952) showed that this decrease is less during ganglionic blockade and that urinary secretion ceases when the arterial pressure decreases below 70 mm Hg. Best and Taylor (1973) also state that renal arteries undergo shut-down at under 60 mm Hg, but they do not specify the type of hypotension under which this occurs. Clearly hypotension as a result of ganglionic blockade with dilated renal vessels will be quite a different situation from hypotension as a result of haemorrhage with con-" sequent renal vasoconstriction.
Brierly and others (1969), studying Rhesus monkeys, induced profound hypotension by both drugs and haemorrhage, and found a patchy necrosis of the brain. It is to be hoped that the results of this series will show that this does not appear to apply to anaesthetized man.
Disadvantages
The technique described has few disadvantages. It can be used only in patients who are comparatively fit, there are age limitations, some patients, particularly males, show some resistance and there is a limitation on the duration of hypotension. Nevertheless, the method described produced satisfactory operating conditions for this intricate type of surgery in a high proportion of cases without any evidence of morbidity after operation.
